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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide technique for realizing 
either low cost or transmission characteristic or both, in an 
optical communication system which uses one or more kinds 
of optical fibers. 

SOLUTION: This optical fiber is constituted of a center core 
1 , a stepped core 2 which is provided on the outer 
circumference of the center core and which has a refractive 
index lower than that of the center core 1 , and a cladding 7, 
which is provided on the outer circumference of the stepped - 
core 2 and which has a refractive index lower than that of the | 
stepped core 2, and that, in the band of wavelength in use 
selected from 1.490-1,625 nm, it has a spectrum spread of 7- 
1 5 ps/km/nm, Aeff of 60-1 50 jum2, a dispersion slope of 0.09 
ps/km/nm2 or less, bending loss of 1 00 dB/m or lower, and a 
cut-off wavelength which essentially becomes single-mode 
propagation. 
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3^3. 5-5. 0. A2/Al;05O. 025J«±rab-> 
-C, :0^o-0. 06X (r2/r2) +0. 5'C5K«i>6 

T-/>'^«:*$liT. JftSiJifeffl:^! 2-1 5 p s/nm/ 
km. A e f f j&«9 0-110 um\ ^tftXD-:?-;^^ 
0. 08 p s/km/nm'feiT'C*^Ci*^#®<!:'r 

^mo^Wcz^y h^y r '{j^^idi.^x. ^'Cxnrgpo* 

S*rK PgS^rSPcD^S^r 2. K^SIgtc 
L/fci^cD^'CxnrgPOtbiSJf^^^Al. Pg^rirSP 
<Di:kfflJT*M^A2<i:UA:<!:#. AlT&^o. 4-0. 5 
r2/r 1:^^52. 0-4. 0. A2/Al3&^0. 0 
25fei±r*or. ;&:^-:>-0. 06x (r2/r2) + 

0. bv^i^hti^m&crx^zct^^mt'r^^^WL 

lyy V%y r ^ ^^^^^^ m9<D^H^«. ^ 1 O^H^CD 

^c<b*#mi-r^»«ti^:7 ^3fe::7T-^>'^•r«>&o Hi 

r. ^^Cxnrgpo^S^r 1 1. iSi2nrgP(D^@^ r 
12. F^K»tCL/c<L^(Dct3.i:^nrgBC7)J:tJSJT 

s^^A 1 1 . m^^r^<ommm^4:A i 2 iu/c 

<hi^. 1. 3^rl2/rll^2. 5. All^ 

0. 3%.A12^0. 5%. (A12-A11)^ 

1. 2%. 0. 9 ^A 1 2 X r 1 2/r 1 1 ^ 1 . 7r 30 

1 icommt,. m^(D%m<D^fSLiyy vityr^^^i^^ 

l^r. Ae f f :057 0-1 0 0 /Ltm^ ^WL:^xi-zfifi 
0. 07 p s/km/nm'WTr^'^Ci^l^giiT 
^^S^tJci^:? ^7fe:7T'Y>'^'-C4>'2>o 01 2or>^Hj{i m 

<D*S^ r 1 1 . ia2:3rSP(D4^S^ r 1 2 . 5^ K 
^S??«:L//c<!:^(D*>i:^:3TgP(7)iUS»f*M«:A 1 1 . 
i§i2rJTg|5(DJ:bfflST*^^Al 2<i:L/c<i:*. 1. 3^ 
rl2/rll^2. 5. All^O. 3%. A12^ 40 
0. 5%. (A12-A11)^1. 2%. 0. 9^A 
1 2 X r 1 2/ t 11^1. 7r&D. A 1 1 = 

aXA2 + b<t U/ci#. a r 1 2 / r 1 KDRIfK c 
X ( r 1 2/r 1 1 - 1 ) -C^Sn. c;&n. 5-2. 
0-C«>9. b*ir 1 2/r 1 KDHfBcO. 4x (r 1 2 
/r 1 1) +e-C^5tl. e*50-0. 4-C*>€>C<!:* 

ll9cD^H^(7)^t!{i/:7 ^3fe•:7 7^>'^'tc43t^r. Ae 
f f ;059 0-1 5 0 ^^^fjCXP-^'-^^so. 08p 

s/km/nm*tiTr4>SC<b%#85[<?:-r^55^tJti^>^ 50 
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V^yy^^^X^ho miACOmmt. |?13(D%BJOO 

1 K jSi2:3ra5CD*^^r 12. ^"pv Y^mm^Ciy 
/c<^:#CD(t»^l:^:3TSB(DJt®S^^^4A 1 1. ^2=2TgP 
<Dl\cMiRmm:A\2t\^fct^. 1. 3^rl2/r 
11^2. 5. All^O. 15%. A12^0. 5 
%. (A12-A11)^1. 2%. 1. 0^A12X 
rl2/rll^l. bX^^Ct^^tr^^^iy 
y hj^yr^^<TS>^o mi 5©^BJtt. 01-1 4CD 

^m(oi>'rh.(o^ni^y h^y r ^/^^i. ^<omsa^9k 

^mmr^^«cmmytyr^j'<. ^^i^^ms^w^^^ 

[0018] 

mmmt. i49o-i625n m<D»s;Cf:» hmm^j:^ 

mtf 1 5 3 0- 1 5 7 0 nm<DC-Ban d-^. 
1530-1600n m(D<fc ^OCL-Band (D— SBcD 

^tf iss^j^cc^- ^atR-r-s ctf)sx^ €>o 

[0019] ffiffii[SS^CC*5t:fSa[S^I5(fii»7- 1 5 
p s/km/n mi Stl^o 7— 12ps/km/nm 

^rff-SCiT&iri^^o rrj:i:>i^^ fie*<Z)N Z D S F<fc 0 

*s3 6«:«^ucc< < j^jrO. S/c. Aef foffl;:^^^ 

CCWf»Jr^>^o ^/c. 1 2 — 1 5 p s/km/nm<DjS 
H{c*5lit:«. 1. 3 Mmffll^>t5^;U^- K:)fe:7r -//^ 
<fcO^>m5fj&:^#tt*f#€>c<h:;()^r^^o rrj:t:>i^^ -fig: 
ft«j^cl. 3 umffls^^yjlz-t- K3fe:7T-</^'J:^3 fci^S 

*/c. Ae f f^tfui^r^ct-fy^x^. ^mftm^m 

C0020]Aeff »JaTCDS;*^e>*2?>6tl€»*>(Dr 

[002 1 ] 
[|»1] 

2;r{ra|E(a)|2daf 

AefF= — 

j~a|E(a)|^da 

[0 02 2] c(D53^i5ct/:7 ^7t::7T>r>'^*cc:fel>r. mm 

a^g^^*5C:f^Ae fft^60-150Mm*i$n 
So 1 5 0 /xm'^C:t6<!::^':^ h^:7ig^gASg<Aj: 



u 

S. 6 0 ym'*«©J©^«-«fl«J)Qr#<*M<D®Jf*» 

sf * L/ < uz.<ommsmo>-rmmt^ e 5 m m' , 

[0023] fi6ffl?gg^{c*jWS^t5jxa-s^«. ±jS 

^{C*jW.S:9-tS!;^a-^«0. 0 9 p s/km/nm' 
felT. »*L/<»0. 08 p s/km/nm'felT. 3 
6«cSf3:L/<«0. 0 7 p s/km/nm'lJtTil*^ 

/jN3l.>fil*l|3SrSC<!:*5-e#S. 0. 09ps/km 

[0024] ^^i^g^fcfct^rfttfits 

(2R) *12 0mm©^fr(Dffl4t,^'5«>©i-r-5, filf 

10 0dB/m«T. »t l/< 5i4 0 dB/in«TiS 
ns. j|®fl<)K»0. 1 d B/m|JLh©«i3&Jf#6ti*. 
1 0 OdB/m*CASi. :»tJfi^7 h3fe7 r -^>'^•{C»^ 

[ 0 0 2 5 ] *^?80^f5t->7 r . 

m&^mti>-Ji^ifiibz>, mm<Dtiv v:irvwmsi. c 30 

C I TT©2mft (fe^T2mSiiB-r) fCJc^fflfCj;-, 

t>-C«. C©fii*Jffiffl?S«^©TliBfiiJ:*)fcg?lgffi!!!l-C 

[0026] L/c*5oT. 2|E^Hj©:&|jt'>7 h^y r 
-'<{C*jt,»-C. 2inSr^l5S$nS*f h^t^iSStt. ^ 

tfei/:? h3fe:7r -^'>'^•©«fflg3<^:^^^Kg^^cJ;orix 

«. m«2mffi«:*jWS*i. S/xm 
■C*^rfe. 5 0 0 0 mgg«±©SR©ttS8r*n 40 
tf. i:^©^«S^K:teW*i^>^;V*-K^«rSI 

(00271 ^^WW^tStt'^ V%-y 7^J^<Dmifr^^ 

1. Hi ©^^ (7^*TJl'i^x-(':?'3T^> 
@ 1 \t^^^<O^W.iyy V%V7 -i^^com KDmti, 
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7ttC©Pg|8=iTgiJ2J:9 4><S®*T*t?*S, Htf'W^ 
rK r2«. -en^tl. 4>'C^=iT^ 1 <!: 1^18=3 7852 

©*S*^l^> AK A2«. -en-en, t>=yvYl<D 

wsx^^wma o/ci #©cf'i:»=i TSP 1 ©Jtew^Mi 

[0 02 8] c©0iiscfcc»-r, «?3^«*'C>=irSiJl iP§ 

7«iffi5^:</^:^*i6#fiR3n.-CliS. j6BR©» 
I5t'>7 r -^>'^'©®^f^:9•?S?f^{C*J^,ir{*, 0 1 
(C^L'fcJc^icSJl (c|J.C»=iTgi51. Pgl9;nrg|J2. 

F7) ©«s*s?gBrc»*<, 3iL**#Wc. 

CC*:^?g©^|fei^:? V%V 7 -{ >^tKyX<D^*&^n^^ 

[0 02 9 ] ^cfe, C©l| 1 ©Fd©^!^^^ F^fe:? r 
-'N'fCfct^rtt. AeffiJ. 6 0 — 1 1 0 jttm'©«Sffl 

tsn*. c©asH{ctK£-rsc<b«:j:o. imfm^ 
^i^^&wj-rscij&j-c^-s, ^/c. c©»i©0i©^ 

tJft^:? F7fe7 7 '^>'^'4c*^c>rttJ:b^S?e«J^M«:^«^{X^- 
7"^0. 0 8 p s/km/nm'lJtT. 5?SKK0. 
07 p s/km/nm'JiiTi-r-SCiAirtti. 
[0 03 0] ^^HjCD^tJi/:? F^:7 t L-C©!|$ 
tt?:?^SS-r-5/c«)tC, m 1 ©«a|©^tJC~>:7 F?t7T'f/^• 
K:*Jt»T«. A 1 . A2. rK r 2 il**) 4-D©fltjg 
-'N-^y-i'*, fe<T©ra^?:jiSS-r^J;^.KSffr-Si 
5fSL.(,>. AltJO. 25~0. 55%i3n-5, 0. 
2 5%J:»)*>/J'>S(r»<b. mfW^t^X^<tt^fttmM 
e«)-C«Aj:u„ S/t, Hifa©igS^t5(<a ( l 5 p s/nm 
/km) «T{Cffll;iSCt*iBSiJtc*. — :fir, 0. 5 
5%J:'3fc:^*C»i. Ae f f *+t&{cii2::^^SCi*s 
HISiAj:^, r2/rl (nW&m \%\ . 5~ 

5. 0, Sf*L<«2. 0~5. OiSn^So 1. 5J: 
^)^)4^3^,^<i:. S£*©mil*M©®»f^^J^EJ^1**WrS 
1. 3 wmffli'^i';!/*- Fife^y-f/^iHIigSOlftt 
L.*^f#-SC<fc*i-t?t^c(,^ S/c. 5. 0?:C;^-Si, * 
f F < % 0 . i-' > i^^l'* - F &k^>Sm.t 

[0 0 3 1 ] *fc, A2«. r 2/r 1 <!:©B8C^(Cj;-3 

*i^«A 2 ©fii*A# < -r S!i:>S*s* »3 . r 2 / r 1 *5 

7>c*t<='^s^«A2%/^$<■rs!^^>^*i«>•2>o ^urs^) 

tc. ±ai©#tt*?iJE-r-S/c«?>«:i3:. A2/Al*sJ!JiT 
0. 0 2 5 ^A2/A 1 ^ -0. 06x(r2/rl) 



13 

+ 0. 5 

A2/A13&50. 0 2 5J;»3fc/jN3C^i»^«tttffi^* 
+^«:/h3<*rac<b?!>sr#3&C^ -0. 0 6X (r2 
/r 1)4-0. 5(Dm^^i>:k^l.^m^lttiJ^:; h:tym. 

#i4*?ffi/cfrl. r2. Al. A2<D4 0CD«j§/S^ 

3i^5-^2 5 MmCDiBHittSa *5t. ^-S^-^F 10 
[0 03 3] C(Dmi<Dm(D^ntyy hytyr^ 

1.1 A e f f C0j£:?t i ^tJ;^ P - :7'CDig?li«rMAL b 
/cNZDSF 20 
COm^U. m^WLm^7--l 1 P s/km/nm(Z) 
ffiHtcia^-r^o S£*C0NZDSFCD--fl9:&^&2fi:^tSt 
ffi (6p s/km/nmfeiT) d: 0 fe:^^ < TSC icc 
ckO. Ae f f (Di£:A:<i:^tfcxa--:/(Z)fii^*M^L-r€> 

CF^SCDCF<bfi;5f^t>-i*«Ci«:J:0. ^a^tSc 30 
6 O'-'S 0 Mm'. :»»;^a-:/*0. 07ps/km 



!^ia2 0 0 1 - 1 47 33 8 
14 

^^^rse^scDN z D s F t\^mi^Lt^mmn> ctf)^ 

:7t >r>'^'^C*5C^r«. A 1^0. 4^-0, 5%. r2/ 
rl«r3. 5^5. 0.A2/A1*0. 0 2 5fe(±r 
fer^r. *:»-:)-0. 06X (r2/r2) +0. SrSc 

[0 03 4] 1. 2 HKW^Cl. 3Mmfflt/>yJl/^ 

CCDtf^iiti&^^WiU^ I 2^15ps/nm/km^ 
Wt&Tio ^©fe*. Ae f f «:9 0-1 1 0 um\ 
^5^l&xn-:7**0. 0 8 p s/km/nm^J^Ti-r-S 

oigg^«^sMtc3su/c^tft^"7 h^yr^^^^mm-s- 

13:. A1*0. 4-0. 5%. r2/rl«:2. 0- 
4. 0. A2/A1^0. 0 2 5ti±r^oT. :?!^^o- 
0. 06X (r2/r2) +0. 5 -C*d?)6ti€>ffit^T 

So 

[0 03 5 ]aH^. C(D,J:^3:c^^?®S-r6^t5(Sx 

•a^S^i 1 5 5 0 nmr^€>. ^ifj^ A di;^ h ^ 

MFD«*-K:7^-jUFS-e*So C^mfci^ 
<DAe f f . ^J«;^a-^. iSS^tifil. mim^. tf 

V v:^yw.m>ttt^\^\.>ikmm^m&i^fcmLfAnf^ 

[0 03 6] 

[an 



C9) 2 0 0 1 - 1 4 7 3 3 8 

15 16 





A1 


A2 


r2/ 


r2 




Aeft 


MFD 




»ijac3-T 






[961 


l%] 


r1 


[um] 




at 1550nm 


at 1 550nm 


at 1550nm 


at 1550nm 


20^1550nm 












[urn] 


[um^] 


[urn] 


[DsAm/nm] 


tos/km/nm^] 


[dB/m] 


1 


0^ 


0.07 


5.0 


14.23 


1.43 


63^1 


9.25 


8-50 


Oj061 


6.1 


2 


0.48 


0.07 


5.0 


14.93 


1.48 


65-81 


9.41 


9.63 


ojoeo 


5.9 


3 


0.45 


0.07 


5.0 


15.15 


1.51 


70.52 


9.75 


10.22 


0.061 


11.9 


4 


0.45 


0.07 


3.5 


9.86 


1.20 


71.32 


9.82 


iai5 


0.067 


17.4 


5 


0.45 


0.08 


4.0 


11.57 


1.39 


73.70 


9.98 


9.97 


0.067 


1^6 


6 


0.45 


0.08 


3.5 


11.28 


1.43 


70.28 


9.72 


11.85 


0.063 


2.5 


7 


0.45 


0.09 


3.5 


11.22 


1.51 


72.31 


9.86 


n.93 


0.064 


2.3 


8 


0.45 


0.10 


3.5 


11.10 


1.57 


74.55 


10.02 


12^1 


0X>65 


2.1 


9 


0.40 


0.03 


3.0 


10.74 


1.21 


70.63 


9.6B 


14.23 


0.060 


5.7 


10 


0>40 


0.05 


5.0 


18.39 


1.41 


74.99 


9.98 


14.12 


0.059 


7.4 


11 


0.40 


0.11 


2.0 


5.88 


1.14 


75.64 


10.12 


ia95 


0.064 


19.9 


12 


OM 


0.07 


4.0 


14.76 


1.57 


79.13 


10.27 


ia87 


0.060 


4.8 


13 


OM 


0.09 


2.5 


8.05 


1.27 


79.20 


10.33 


14.13 


OX^ 


9.7 


14 


0.40 


0.11 


3.0 


9.82 


1.52 


87.66 


10.88 


1425 


0.068 


7.1 


15 


0.40 


0.13 


2.8 


a74 


)A9 


92-42 


11.18 


14.89 


0.069 


8.4 


16 


OAS 


0.17 


as 


8.81 


K68 


101 


11.67 


14.80 


0.074 


6,7 



[0 03 7] 2. m2<Dm (ov>ifm) 

-C. O > ifm<Dm^m^^mi^(D—m'k9r:Ltci><D-C 
©«'CoTaiI3 l©i^M±K:iS«*T*©^2aTSB3 2 

*s^w6n-c2g«jg©=ir3 4*i«ifiS^nrt,i.s„ -e 

bX, C©=iT3 4©J1-;a±«:. H«ie;a2=iT§P3 2 J: 
'3^>fi®^T*©d'7 •;' K3 7*i|S:t:f6n^C<!;tCj;0. 
i'-^ y K 3 7 *^*-C 3B«Ji©IHS®B*f*^*0« 

[0038] C©flS|{C*jC^-C. M^lt'P'\j'=iT$ISi3 1 » 

^^ttie^^y^X. iSi22nTa53 2Wy;l'-7-'i»A^fln 

SB (f|i'i:^3TgP3 1. ^ia=»rSB3 2, ^ F3 

7) <D^n*imm-cittji< . %^^^mc. \<^t>^i>fc 

*T.**Dft:tfc?l, *-Sl,nijgi22arSi53 2©®eT*:»-flJ 
0/c^j©-C^>J;i,^Ci«. mi©^il5l«-C*&, 

[ 0 0 3 9 ] a 4 «. o «; > i/m<ommm^^m}i.^m 
iftiffe* 1 0 d Bymic—micB^fcim^mm^9Sim 

i^it^atct^CDAe f f i^tS;XD-:/©^{t*^ 
l/fci'^^^-CAS. C©4'^^7fC*jCir. Aef f«. 

?«ii>-rS<t («llft*S*^6:&K:i^ltt|-rS<!:) > ^HtM. 
Oy>yS©-?-n^n«:*$t,>-C. 15ps/km/nm 
#ifi 1 1 0 p s /k m/n m#ia-rA e f f 3!ii,^ailK:?a 



p s /km/n mf^jS. 1 0 p s /k m/n mf^jfij; "3 

[0040] CCr. m&^tkmifil Op s/Rm/n 
m©ti^©Ae f f i:a-SJfXn-:7'-:)i,jr^^-rSi> 
O y >i/M©A e f f ». WSi©A e f f *i^5 8 M 
30 m'-C*a©«:)i*Lr7 8 Mm' t?*?). 

1,^ — 7^. WM©:9-tS!Xa-:/*i$fjO. 058 ps/ 
km/nm'-C*.S©(C>[tL'-C. O > i'S5©^U(;^ P 
-:?'«0. 06 8 p s/km/nm't?**). •?>-?>7t# 
C©<«:#> 0';>i5^MW. W^fC^fOrAef f 

J:r>r> 0'J>4'^imiltSi©F^{C*jWS, Aef f 
i^tJ(;^a-:?'©lt;ni*{c«:A;tAj:||*!*4. ^lt. 
#t5(XP-7"*s^-^:A;t < ^&fc©©. Aef f©teftn 
**i:;'t*c>fc«). mii*s<fc0fcoy>i'S!©:6-*i. iss 
40 ^fm<o{m. Keit<Dilt:K. :»f&;^a-:?'©{^i 
i.^^e3iK<fcL'r©sfsn,»!RFtt€rSijEr*«:tt. m.^ 

[0 04 1 ] Aef f *!8 0 /im'©ti^©»f8[ 

■r 4 o y > ^^©^tJc;^ o - 7'©iij)n^»i(Sj i 7 % -c* 
s. —3^. mi*Sf©jS?S^ftic««:*fu-roy>yM©jg 

O^cSfe©©. iKg»tS(ffi©iajS5a)l^dS:^*t,»/c*, c 
50 ©Jg^fc*itMJ:Ot>oy>i^S©^r**. GiUISiU 
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[0 04 2] ^/c. C(Om2(Dm(O^WL->y i-^yr^ 
>'^*tCfclit:. -^S^^fSR Ae f f . ^WL^^U-^r/. tf 

h^^'iS^ScDjffSbC^l^tt^ff-S/cd^CC^. All. 
A 12. rlK r 1 2iCi^4ocD«ig>'^*^^-^ 

rl2/rlU*l. 3^2. 5<h^n-2>o CCDffiHi^ 

^c<b7&^r^;^i>o A 1 uio. s^J^Ti^n-s. 

0. 3%J:0*>A#l^<h, :*iI*SC[)SST^^flJ0t^^cia 
'^<fcii». Aef f^+^(fCiS:i^r^Ct^mmtrj: 
Al 2»0. 5%JW±. Al 2-Al 1«1. 2% 

/c. 0. 9 ^A 1 2 X r 1 2/r 1 1 ^ 1 . 7<Dm^^ 

i>Cti)^V^rj:\.\ 1. 7*Cx.<5<hAe f f (DSi:^?^^ 
li^J^/cr r 11. rl2.All.Al 2CD4ocD« 

[0 04 3] C<D»WLiyy b^yy ^^^(iC:hi.^ 

X. r 1 2. T3ti:fc>-i&=iT(D*S«#CCRg^-rSC<b» 30 
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: 3 7 (^WL^y h^y 7^^^) (D9m{t. 1 2 5 

[0 044] $6CC. C(0m2(Dm(D^^Zyy h^yr 
>r>'^'CC*5Cir. Ae f f}!ri7 0-'l 0 0/2m'T. J&^o 
^t5(>^p-:7-:0^0. 0 7 p s/km/nm' fetTiC^^ 
4#1±*f#^/cd?>&Cti. ±^(Dr 1 2/r 1 K A 1 1 . 
A12, A12-A11. A12Xrl2/rllCC»|S 

tCS:^TSi«FSl/C^ A 1 1 = axA2 + btL/c<b 
8if)U 1 2/r I KDMIKCcX (r 1 2/r 1 1 - 

I) xm^tl. c:^n. 5-2. 0-C^»5. b7&5rl2 
/r 1 lCDM|g[0. 4x ( r 1 2/r 1 1) +6^^$ 
n. e^iO'-O. 4r$>^o 

[0 04 5] 3 Aeff^igO-^lSOwm 
^-C. ;J)^O:9^ii;;^n-r7'?&5 0. 0 8 p s/km/nm' 

1. 3^ r 1 2/r 11^2. 5 

Al I ^0. 15% 

Al 2^0. 5% 
(A 1 2 -A 1 1 ) ^ 1 . 2% 
1. O^A 1 2Xr 1 2/r 11^1. 5 
[0 04 6]^2«. C<OJ:'yrj:^^m&r^m2<0 

m<D^WLiyy vity-T A ^^<o^mium\m<DW&^^'y 

%*J. m^^m^l 5 5 0 nmT*So l^*m4>±^(D 
Ae f f , t^tixci-:/. JffiSfl^tiffl. fttfiiife. :«7-y 

[0 04 7] 
[^2] 



s 


A1 


A2 


r2 


r2 




A0ff 


MFD 






ffltfUat 




m 


l%\ 


/ 


turn] 




al1550nm 


at 1 550nin 


at 1 550nm 


at 1 550nm 


20(* 1550nm 








r1 




[um] 




[um] 


[psAm/nm] 


[ps/km/nm^] 


[dS/ml 


1 


aoo 


0.90 


1.5 


3.50 




85.5 


9.1 


7.70 


0.074 


23 


2 


aoo 


0.70 


1.8 


2.95 


1.15 


74.5 


9.4 


a70 


0.065 


26.6 


3 


-0.05 


0.95 


1.3 


4.00 


1.42 


127.6 


10.4 


10.80 


0.079 


6a4 


4 


-0.05 


0.80 


1.5 


4.00 


1.50 


106.8 


9.6 


10.37 


0.077 


7.8 


5 


-0.08 


0.85 


1.6 


4.00 


1.50 


10a5 


9.5 


10.44 


0.076 


5-4 


6 


-0.10 


0.60 


1.8 


4^5 


1.49 


110.7 


10.0 


1Z43 


0.072 


11.2 


7 


-0.05 


0.65 


1.7 


4w00 


1.44 


103.2 


9.9 


12.36 


0.072 


10.3 



[0 04 8] m\o:>mu\*>\^n2c:>m(o9t^'^y Y%y 

CVDffi. VADffiAj:<?f<7>Se3fea«:J:orK 
[0 04 9] 



«. VADffi«:ffll\ aiiC^L/cKf^S^I. h(OWL 

1 490'--l 6 2 5nmCDffiffl>&^6jSiR$n/cC 
-b an dtCfcliT. + 7--+ 1 1 p s/km/nin<D 

W^^fxX\4^htc}h. S - b a n dCC:|dC^rcDJ^S^M 

50 eai^tf ^(Dtc+»;^c&s«^ft!tffl*3«i«r€ryt, */c. 



19 



- Vyty r ^^^ttt^xmm\^:l±<OA e f f TD^filS^ 

r^C- b an d) CCfelir. 1. 3 /imiai^>d^;l/'t lO 

- K7t::7T '<>^^•cfc^ ^>/h$i^j:+ 1 2^-1 5 p s/km/ 



!($IB 2001-147338 
20 

0(iC*5lir tiC -band) {c^dl^r . + 7 1 1 p 

L/Co ^(Di^^. Aef f^l. 3Mmfflt^>ty;l/^- 
F:7fe:7T>f>'^<tDfe3 0%fiSa;:AcL//fc±r. iSS^tfc 
ffl^l. 3 ;imffli^>^;l/^- K*:7T-Y>'^*J;0 4>3 0 

[0050] 
C^3] 



[005 1 ] 



[0052] 









Aeff 


MFD 






mm 










at 


at 


at 1550nm 


at 1 550nm 


at 20(p, 








turn] 


1550nm 


1550nm 


[ps/km/nm] 


[ps/km/nm^] 


1550nm 












[um] 






[dB/m] 






1 


1.41 


65.3 


9.39 


a21 


a061 


5.2 






3(S1} 


1.48 


72.1 


9.86 


9.85 


0.061 


8.5 












^ [^4] 










Aeff 


MFD 






mm 


mm 




at 


at 


at 1550nm 


at 1550nm 


at 20(p, 




[urn] 


1550nm 


1 550nm 


[ps/km/nm] 


(ps/km/nm^) 


1550nm 






Cum2] 


[umj 






[dB/m] 


14(^1) 


^A7 


89.5 


11.00 


14.01 


0.067 


6,4 


16(^1) 


1.62 


104.2 


11.83 


14.60 


0.074 


6.1 










★ [^5] 












Aeff 


MFD 
















at 


at 


at 1550nm 


at 1 550nm 


at20<Pt 








tuml 


1550nm 


1550nm 


[ps/km/nm] 


[ps/km/nm^] 


1 550nm 












[um] 




[dB/m] 






1 (S2) 


1J38 


86.1 


9.13 


7.80 


0.073 


2.1 





[0053] -A- Tir [«6] 







Aeff 


MFD 






mm 


SS 




at 


at 


at 1550nin 


at 1 550nm 


at 20cp, 




[um] 


1 550nm 


1 550nm 


(ps/km/nm] 


[ps/km/nm^] 


1 550nm 






[um^l 


[um] 




[dB/m] 


4(S2) 


1.48 


106.4 


9.55 


10.43 


0.077 


6.5 



[0054] COi^CC. mirj:{,>Lm2<Dm<0^«^iy 
AtC*5C>T. — jiafigi^cC 1. 3 ummzy>^)l^-l'^y 



0®Sf^:$^^ffJ«* i>(Drj: i'^fflc ^ -5 C i 



50 



(12) 



21 



2001-147338 
22 



[0055] 

14 9 0-1 625 umiP^StRStl^^m^S^KLis 
WSiSg^tJ(fil*s-®fl«J!iCl. 3 ymfflJ^Vi'JU*- K 
y 'f>'^*^i:t'^■r/^3t»^t^st>. DCF*.5mJSCD 

1 . 3 /zmffi'»i^iU*- Fife:? y •^^^•*M«L.fc»^ 

i JrblSJ U r D C F * S t =• « S C D C F ©iiefflS ^ < 

So 



[@ 3 ] iiBg©fc©(ciat>o y >ys©®*T^»^p0 

t«©m7j^O/c0t?*-5,o 

[ S 4 ] O 'J > i'M©)SSf^^^5JI^«4*-r T 
-^^-^t, WM©ia»fm^fljJf$t«©7lc:?T'f>'<«:*$t,» 
r. ftlfii^* 1 0 d B/mJC— S{C»o/c«S8-CjgS 
i>t5(fii«r^ffc5l±/ci*©Ae f f <i:;»t5t;5^n-:/'©^ 

[05] S5 (a) -05 (c) m^o^m^v 

05(d)«. 1. 3 ummuyif)V^-Y%-p r 

*^©ifem*^b 5^ V 7 r * 4 o 
[07 ] m ©0il©»lil5^7 y -/.'N'K^Sffe© 

IIS6M©ite«*^L//c4^7 7^abi. 
[091 IS2©fi^©»»'>7 h3te7T-Y-'<{Cfi^-5flfe© 

[?f^©Si?l] 

K 3 1 •••4i.ilx3T8P. 2 Htia^TSiP. 4. 34-3 
T. 7, 37-4'^yh\ 3 2-Sja=irS|J. 



[01 ] 



[02] 



[03] 




1490 1300 ISSO 1600 16S0 

SS [nm] 



(13) 



001-147338 



m4] 



[Mb] 




i 20 
1 IB 

S 
IB 

« 10 



15 10 5 

Sfi^ffi (ps/im/knO 

[H7] 





1 1 

1 .3ufnmvv:7;i/^K;7p-r/x 













































16 




60 70 80 go 

A,riat1350nin iixn^} 



100 



110 



16 
14 

12 
I 10 

6 

^ 2 

-2 





























































— fiESt 


OSNZDSF 











1450 



1500 



1350 
3» (m] 



1600 



16S0 



I 



20 
18 
16 
14 

I 12 

to 



1 \ 



60 70 eO 90 100 

Aef,at1550nfn [um^] 



110 



(14) 



2001-147338 



7a> h-^-i/CD^* 

(72)^^ F^?-A(##) 2H050 ABCMT AB05X AC09 Aae 

^^ft^m7NMl440Slft V^^^^y V AC71 AC73 AC75 AC76 

^yi&mmmwm adoo 



2001-147338 



[^tfB) 13^1 l>g2 2B (20 0 1. 1 1. 22) 



[■Simmn] ^m2 001-147338 (P2001-147338A) 

[^laB] ¥)S1 3^5^2 9 B (2 0 0 1 . 5. 29) 

i^m^m ^m^sff^ 13-1474 

[fflliiS-^] !^Bi2 0 00-2 7 2 130 (P2000-272130) 

C02B 6A6 
6/22 

[F I } 
C02B 6/16 
6/22 



[aWB] ¥fiS13¥4^9B (200 1. 4. 9) 

[^mmiE 1 ] 

6 ] S^Tftm 5 fcf B«8CD^fS'>:7 h T -r 
{C*jt,»-C> *'C^=ira5©i(^S^ r 1, F§g:ara5CD¥S 
:S:r 2> i'^-^ K^SIIIfCL/ci^cDtti-C^nTgpcDibS 

Al*50. 4 — 0. 5%. 
r 2/r 1*J3. 5~5. 0. 

A2/A1*S0. 0 2 5J!Jl±t?*r>-r. *>O-0. 0 6 
X ( r 2/r 1 ) +0. 5 ^3j<i*6n-&ffl«T-e**C 

[ W^31 8 ] If 7 fCiBtScD^I5C'> y V^yr^^^ 
tCfcC^r, 4i'i:»=iTgi5©¥S«: r 1. Pg^aTgPcD^S 
* r 2 . 7 -y K*»Jtl{c l^/c i #©4>'C^3 TSiJCtk^ 
*T*^«rA 1 . m&='TS^<Oikm«Tm^=S:A 2 t Vtci. 

Al*50. 4~0. 5%. 
r 2/r 1*12. 0~4. 0> 

A2/A1*S0. 0 2 5ti±-C*-5-C. A>-3-0. 06 
X ( r 2/r 1) +0. 5 ■e*«)6tlSfflWTt?*SC: 

imjEMmmm^] isjjasi 2 



1 2 ] 1 1 icim(o^9kiyy 

-Y^N'{C*j»,>-C. cf'D3TSI5©*a*r 1 1. JliaaTSP 
ay^m^ r 1 2 . i- h'*S?f iCL/ci t<Dcfi.C^=iT 
g|I©J:bJaST*M4A 1 1. ^23Tg|J©J:b®«Tmil*A 
1 2 iOfci*. 

1. 3 ^ r 1 2/'r 1 1 ^ 2. S.All^O. 3%. 
A12^0. 5%> (A12-A11)^1. 2%. 
0. 9^A12Xrl2/rll^l. 7-C*0.*i 

Al I =aXAX2 + b<bLfc<i:#. 
a*5r 1 2/r 1 icDMIScX (r 1 2/r 1 1 -1) 
-casn. c*Jl. 5~2. 0-C*i9. 
b*lr 1 2/r 1 l(OB83K!0. 4x(rl2/rll) 
+ e-C«3n. e*i0~0. 4r*SCi*«F»i^^ 

[^iKlitiE4 ] 

[miEM».mm^] oon 

[0017] M.imiamT(Dj:^fsm^^m^mmr 

miO^mit, 1 49 0~1 6 2 5 nm*^e®J?S 

ti5«efflig«^K:*ji,»r. S?g^tStfii*s7~ 1 5 p s/ 

km/nm, Aeff*i60~150Mm'. :»tJ(Xa 
-:>"*iO. 0 9 p s/km/nm'«T. ftCfJi^*il 
0 0 d B/mJWT-C* 0 . *»o^«fl«j{Ci'> d/jV*- K 



1$ii2 0 0 1 - 1 47 33 8 



y V^Vr^J^^isi^^X. Ae f f^^BO-l 1 O/im 
\ ^3^»::^a-r^*50. 0 8 p s/km/nm*«Tt?* 

(D^m^t. m3<D^m<D^WL^^y lytyr ^^^(cC:hl> 
*'i:^:3TSB©*a*r 1. P§e:3TS|5(D*S* r 

^^Al. P§ia:3rgIlc7)!:t®*f^M*A2<i:L/ci*. 
Al:iO^O. 25--0. 55%. 
r 2/r 1*51. 5-5. 0. 

A2/Al:f&50. 0 2 5«±T*or. :f&^o-0. 06 
x(r2/rl)+0. 5X^^i^ti?>marFX$>i>C 
ti^tfi>^9izyyh^yr-(^^x^^o m5(D^ 

m^t. m3CDmM(D^Wii^y h^yr ^^^(Cisi.>X. iffi 
M^W^m^^l-^l 1 P s/km/nm. Ae f f :;5>^6 0 
'^8 0Mm\ ^}tfe^o-:7':?&50. 07ps/km/n 

r&^o mBommitt. m5(D^m<D^^iyyhytyT 

^S* r 2 . ^ K%»!|I^C Lfct ^CDtti^CoTSP© 
tbSJT*^* A 1 . TSPCDJtSJr*!!* A 2 i L 

AlJ&^O. 4-^0. 5%. 
r 2/r 1 3^53. S-'S. 0. 

A2/AlJ5iO. 0 2 51^±'C*or. j^^-o-O. 0 6 
X (r 2/r 1 ) +0. bX^ib^n^m&.TXS>^C 

t^mLt^^^»>^y h^y r ^j^x$>^. mioym 

m3(omm^WLiyy vityy ^^^^ci6\.^x. w, 

SS^tScffl^^^n 2-1 5 p s/nm/km. Aeffi)^2 
0-1 1 0 um\ ^9^tfcxa-:/)Er50. 08ps/km 
/nm'liXrx^^hCt^^Witr^^WLiyy Y^yy 

A^^xh^.m^<DmR\% %i(omm9tm^yv% 

aiCD*S*r2. ^> K^S!SlK:L/t<!:#CD4»>i:N:3T 
SBCDitfflSr^^^A 1 . Ptia:3rSBCDl:l:®jT^M*A2 

Al:0iO. 4-0. 5%. 
r 2/r 1 ;&^2. 0 — 4. 0. 

A2/Al7t)50. 0 2 5J^±r&-:»r. J&^o-O. 0 6 
X ( r 2/r 1 ) +0. 5 r^db^nSfflfelTr** C 

t^^t^^^t^yy V%y y A^^x^^. m9<D^ 
mitt. mi(DmM(D^Wit^y h^tyy ^^^Cisi^^X. ^ 

-Y^'^-r^^o mi 0<D^B^«. II9CO^0^<O^U(5^:7 h 
yty y -( ^^(fCioi^^X . *'C^:3Tge(D¥S?: r 1 1. 
nrgpcD^S^r 1 2. tS? -7 K^SiS^C L/ci ^CD^^ 

'C^nrSBojtBSf^M^A 1 1. iaar^rgpcDtbajf^ 



m^Al 2 tbtctt. 1. 3^rl2/rll^ 
2. 5. All^O. 3%. A12^0. 5%. (Al 
2-All)^l. 2%. 0. 9^A12Xrl2/r 
11^1. 7X$>i>Cti:mit'r?>^ntyyhytyy 

%yy^J^Cis{,^X. Ae f f :i&57 0-1 0 0 Mm\ 
^3'tSt;^P-::^*S0. 0 7 p s/km/nm'«Tt?*4 
Ct^^m.t'T^ii^^^^y Yityy^^^Xh^. HI 2 
m 1 1 <D|^fiJ<D^tSi5>:7 h^^' T ^>'^*«:*JC> 
r. cti^i:>=»TSB(D*S*r 1 1. ia2=tTSP<D#S*r 
12. ^5^-7-:/ K^Sm{CU/c<h#(Dip.i:^r3TSPcr)l:h®Sf 
^M4A 1 1 . SianTSBOtbfflST^M^A 1 2 <!: UJ^c 

1. 3^rl2/rll^2. 5. All^O. 
3%. A12^0. 5%. (A12-A11)^1.2 
%. 0. 9 ^A 1 2 X r 1 2/r 1 1 ^ 1 . IX^^. 

A 1 1 = aXAl 2-\-b tLfctt. a^^r 1 2 
/r 1 l<DM»cX (r 1 2/r 11-1) ra^ti. 
c^n. 5-2. Or*0. b*5r 1 2/r 1 1 CDH^ 
0. 4x(rl2/rll) -h eX^^tl. ed^O- 

0. 4xi>^ctinwLt'r^^ntyyh^yr'<^^x 

$>^o mi 3(0m^{t. mQ<DmM<D^9kiyy Y%yy 
>r^^'CC*$l^r. Ae f f*590-l 5 0Mm\ 
n-:/*i!0. 0 8p s/km/nm'«Tr*€>Ci^ 

mkt-fh^WiiyyV'^yyAf^x^^^ %\4(omi^ 
m\3(omm5^m^yv%yy ajmc%s\,^x. ^ 

^C^:3rSB<D4^S?:r 1 1. jgiar^rSPCD^S* r 12. 
^y V F^S!gtCL/ci#0[)*^i:xnT8BCDJ:b®»T^M* 
All. ;i2I::?TgB(DJ:l:®«f^M€:Al 2<hL3^c<fc^. 

1. 3^rl2/rll^2. 5.A11^0. 15 
Al 2^0. 5%. (A 1 2 -A 1 1 ) ^ 1 . 2 
1. 0 ^A 1 2 X r 1 2/r 1 1 ^ 1 . 5r^ac 

t^mkt-t^^^^iyy YityyA^^x^h. m \ 5(D 
H 1 — 1 4<ow^<o\.^'ft\(r>^^uy v%y y 

[ffliE*tms»«] mm 

[M}IE»«l3Sa«3 0 0 3 3 

[003 3] S/c. C<D»ia>WcD^»»V:7 h^fe^'T-Y 

tel. 3 ^/mffli^>d^;^*-K5fe>'T^^^'J:0 4>^^c 

1.1 A e f f <Dj£Xi^tScxa-:7'(Z){Sig^MS:b 
/cN Z D S F 



1^132 0 0 1- 1 47 33 8 



C©Ja^{*. mm^nm^l'^l l p s/km/nm© 

m (6p s/km/nmJWT) <fc 0 "TSC iCC 

<fcD. Ae f f©fi£Xt^)-tS:;^D-7-©ffii)i€:M5:-r.5 

CF-^SCDCF<!:iffl*^to-&iCi«:J:i5. ^S^fSt 

■r&tofe. c:©^Uti^7 ^3I£:?T-^^^*«:*^^,>T{3:. Ae 
f f 46 0~8 0 am'. ^ti;^a-:?"<&0. 07ps 

i^JfJ7fe^JS!im*fie*©NZ D S F <t|5l*^jy±«:ffl)$lJ-r-S 

7 ^^:7T-C>'^*(C*^C»■r». A1*0. 4~0. 5%. 
r2/rl%3. 5~5. 0, A2/A1>&0. 02 5 

«±T*-Dr, *:>-:?- 0. 0 6X (r 2/t 1 ) +0. 

[ffliE>Ptm^@«] 0 0 34 

[0 0 3 4] 1. 2 —mmtSil. 3 umffl~»i/->l'^ 
-Fife7r-//<J:»J4>Ae f f **fc^Lft:^ffti'7 h36 

7 T 



C©ti^»ifi?g^5'tS(fii?: 1 2-1 5 p s/nin/km«C 
i93£-r^. -e©JSm. Ae f f ?:9 0~1 1 OMm', 
»tfc;^Ci-:/*0. 0 8 p s/km/nm'iilTi-ri 

«. A1*0. 4~0. 5%. r2/rl?:2. 0~ 

4. 0. A2/A140. 0 2 5J£(±-C*-3r. 

0. 06X (r 2/r 1 ) +0. 5 t?^6tl4fiiJWT 

S. 

[ffilE^t^JSa^] 0 0 44 

[0 0 44] S^fC. C©|^2©{^©^5-t5ti^:7 h5fe7r 
-^y^•{C*^l,>■c. Ae f f*i7 0~l OOMm'-C. 
^WlL:^n-':f1fiO . 0 7 p s/km/nm' «TiC>5 
!^*f#-S/c«6(Ctt. i:a©r 1 2/r 1 1 . A 1 1 . 
A12. A12-A1 1. A12Xrl2/rl 1 ©®t 

mm^m^-Ti & i tec. t(T©^*f*5®s-r s j: 

A 1 1 = a X A_]_2.+ b i L-fc <h 

a*Sr 1 2/r 1 l©M^cx ( r 1 2/r 1 1 - 1 ) 

035^1. 5~2. 0-C*«3. 

btfir \2/t \ l©HiS!0. 4X (r 1 2/r 1 1) 

+ e-r*3n. 

e*S0~0. 4-C*S. 



3- 



